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(57) ABSTRACT 

A system for management of storage devices includes com 
patibility With either or both of COM/RS232 port and USB 
port connectivity using, for example, Fibre Channel (FC) 
signal transmission. A USB to serial RS232 bridge device 
alloWs a storage processor (SP) to communicate With an 
COM/RS232 port of a universal asynchronous receiver/trans 
mitter (UART) coupled to downstream disk array enclosures 
(DAEs) to provide DAE management information Without 
the need to modify the connection of the sWitch to the DAEs, 
Which may include FC interconnects. The output from an 
COM/RS232 port on an SP interface and the RS232 output on 
the USB to Serial bridge device may be muxed at the UART, 
and the output signal therefrom diplexed With a high fre 
quency differential signal and transmitted to one or more of 
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STORAGE SYSTEM MANAGEMENT WITH 
DIPLEXING USING USB SIGNAL 

CONVERSION 

TECHNICAL FIELD 

This application relates to the ?eld of storage systems and, 
more particularly, to storage system management using 
diplexing methodologies. 

BACKGROUND OF THE INVENTION 

Fibre Channel (FC) is a computer communications tech 
nology supporting fast data signal transmission, e.g., up to 4 
gigabit-speed, used, for example, for storage netWorking. FC 
disk drives may be used in disk array enclosures (DAE) on 
storage systems, such as storage systems produced by EMC 
Corporation of Hopkinton, Mass. (See, for example, “EMC 
2-Gigabit Disk-Array Enclosures (DAE2) FC and ATA Mod 
els,” HARDWARE REFERENCE, P/N 014003048, REV 
A02, published February 2003 by EMC Corporation, Which 
is incorporated herein by reference.) Backend DAEs of the 
storage system may connect to a host central processing unit 
(CPU) through an FC protocol card. (See, for example, US. 
PatentApp. Pub. No. 2004/0193791 to Felton, et al., and US. 
Pat. No. 6,574,687 to Teachout, et al., Which are both incor 
porated herein by reference). Other types of disk enclosures 
may also use FC disk drives and may operate With the system 
described herein. For example, disk processor enclosures 
(DPEs) may be used that include FC disk drives and storage 
processors. 

While data read/Written to a DAE is communicated using 
FC protocol, there is also a need to communicate DAE man 
agement information to the DAE logic, such as Enclosure 
Services information. Due to the large number of disk drives 
that may be connected, in EMC storage systems diplexing is 
used on FC signals, Where out-of-band management signal 
ing is combined With in-band FC data tra?ic on the FC inter 
connect in order to facilitate DAE management. Diplexing in 
storage systems involves driving both positive and negative 
FC differential signals With a common-mode out of band 
signal. (See, for example, US. Pat. No. 5,901,151 to Blei 
Weiss, et al., Which is incorporated herein by reference.) The 
imposed common-mode signal may carry an RS232 data 
stream containing DAE management information. Differen 
tial receivers at the end of the line Will ignore the imposed 
common-mode signal as common-mode noise; While a 
simple ?lter may be used to extract the RS232 signals. 
On some EMC Corporation FC protocol card designs, a 

universal asynchronous receiver/transmitter (UART) sWitch 
may be used to connect multiple doWnstream diplexed cir 
cuits from DAEs to the upstream storage processor (SP) 
UART input/output. Each SP in an EMC system may have 
multiple FC protocol cards and each protocol card may 
include multiple FC ports connected to the DAEs. 
COM ports (e.g., an RS232 serial port, such as used With an 

UART) are considered legacy hardWare and are being 
replaced in the industry With universal serial bus (U SB) inter 
connects. It is common for processor and operating system 
(OS) vendors to make their latest products offerings “legacy 
free.” For example, processor vendors either do not have 
COM ports in their latest product offerings, or the number of 
available COM ports is limited. OS vendors may restrict the 
use of COM ports in a legacy-only environment, Where most 
of the interrupts needed to handle UART tra?ic are reserved 
for a Wide variety of legacy peripherals. Further, even if the 
legacy hardWare features are missing, it may be that the 
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2 
reserved interrupts cannot be re-con?gured to support other 
hardWare. With the limited amount of UART resources avail 
able, both in hardWare and OS, the number of protocol cards 
that may be supported in a storage system is becoming 
increasingly limited. 

Accordingly, it Would be desirable to provide a system that 
alloWs connections betWeen incompatible ports among neWer 
and older versions of products, such as USB and RS232 serial 
ports, to be made e?iciently and Without incurring extensive 
costs as may be required for hardWare or other system design 
changes. 

SUMMARY OF THE INVENTION 

According to the system described herein, a device for 
transmitting storage data includes a bridge device that 
receives a ?rst control signal including storage disk manage 
ment information and processes the control signal to yield a 
second control signal, different from the ?rst control signal, 
containing the storage disk management information. A 
diplexer may be coupled to the bridge device that receives the 
second control signal from the bridge device and injects the 
second control signal into a data signal to generate a diplexed 
signal that is transmitted to at least one storage disk drive. A 
receiver/transmitter may be coupled to the bridge device that 
controls transmission of the second control signal from the 
bridge device via the diplexer to the at least one storage disk 
drive of a plurality of storage disk drives. A multiplexer 
device may be disposed betWeen the bridge device and the 
receiver/transmitter that receives the second control signal 
from the bridge device and that receives another signal of a 
similar type as the second control signal, Wherein the multi 
plexer device controls transmission of at least one of the 
second control signal and another signal to the receiver/trans 
mitter. An interface may be coupled to the bridge device that 
receives the ?rst control signal from a processor component 
and transmits the ?rst control signal to the bridge device. The 
storage disk drive may be included in at least one disk array 
enclosure (DAE). The diplexed signal may be transmitted to 
at least one storage disk using Fibre Channel protocol. The 
?rst control signal may be a USB signal and the second 
control signal may be an RS232-type signal. The receiver/ 
transmitter may be a universal asynchronous receiver/trans 
mitter (UART). A ?lter may be included that extracts the 
second control signal from the diplexed signal. 
According further to the system described herein, a device 

for transmitting storage data includes an interface that 
receives a signal that includes storage disk management 
information. A bridge device may receive the signal from the 
interface if the signal is of a ?rst type and processes the signal 
to yield a converted signal. A multiplexer device receives the 
signal from the interface if the signal is of a second type and 
receives the converted signal from the bridge device if the 
signal is of the ?rst type. A diplexer may receive an output 
signal of the multiplexer device and diplexes the output signal 
of the multiplexer device by injecting the output signal into a 
data signal to generate a diplexed signal that is transmitted to 
a storage disk drive. A receiver/transmitter may receive the 
output signal of the multiplexer device and may control trans 
mission of the output signal via the diplexer to the storage 
disk drive of a plurality of storage disk drives. The storage 
disk drive may be included in a disk array enclosure (DAE). 
The signal of the ?rst type may be a USB signal and the signal 
of the second type and the converted signal may be RS232 
type signals. The diplexed signal may be sent as a Fibre 
Channel signal to the storage disk drive. A ?lter may be used 
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to extract the converted signal from the diplexed signal. The 
receiver/transmitter may be a universal asynchronous 
receiver/transmitter (UART). 

According further to the system described herein, a system 
for transmitting storage data includes a director including at 
least one processor that outputs a signal that includes storage 
disk management information and at least one storage disk 
drive coupled to the director. At least one adapter is coupled 
betWeen the director and the at least one storage disk. The 
adapter includes an interface that receives a signal that 
includes storage disk management information, a bridge 
device may receive the signal from the interface if the signal 
is of a ?rst type and processes the signal to yield a converted 
signal, a multiplexer device that receives the signal from the 
interface if the signal is of a second type and receives the 
converted signal from the bridge device if the signal is of the 
?rst type, and a diplexer that receives an output signal of the 
multiplexer device and diplexes the output signal of the mul 
tiplexer device by injecting the output signal into a high 
frequency differential signal to generate a diplexed signal that 
is transmitted to the storage disk drive. A receiver/transmitter 
may receive the output signal of the multiplexer device and 
may control transmission of the output signal via the diplexer 
to the storage disk drive of a plurality of storage disk drives. 
The storage disk drive may include at least one disk array 
enclosure (DAE). The signal of the ?rst type may be a USB 
signal and the signal of the second type and the converted 
signal may be RS232-type signals. The diplexed signal may 
be sent as a Fibre Channel signal to at least one storage disk 
drive. 

According further to the system described herein, a method 
of transmitting storage data includes receiving a USB signal 
from at least one processor at a bridge device that includes 
storage disk management information. The USB signal is 
converted at the bridge device into an RS232-type signal, 
Where the RS232-type signal includes the storage disk man 
agement information. The RS232-type signal is injected into 
a high frequency differential data signal to generate a 
diplexed signal that is transmitted to at least one storage disk 
drive. The storage disk drive may be included in at least one 
disk array enclosure, and the diplexed signal may be trans 
mitted as a Fibre Channel signal. 

According further to the system described herein, a com 
puter program product, stored on a computer-readable 
medium, that transmits storage data includes executable code 
that receives a USB signal from at least one processor at a 
bridge device that includes storage disk management infor 
mation, executable code that converts the USB signal at the 
bridge device into an RS232-type signal, Where the RS232 
type signal includes the storage disk management informa 
tion, executable code that injects the RS232-type signal as a 
common mode signal into a high frequency differential data 
signal to generate a diplexed signal, and executable code that 
transmits the diplexed signal to at least one storage disk. The 
storage disk may be included in at least one disk array enclo 
sure, and the diplexed signal may be transmitted as a Fibre 
Channel signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the system are described With reference to 
the several ?gures of the draWings, described as folloWs. 

FIG. 1 is a schematic illustration shoWing a storage device 
that includes a plurality of host adapters (HA), a plurality of 
disk adapters (DA), and a plurality of disk drives, e.g., FC disk 
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4 
drives Which may be included in disk array enclosures 
(DAEs) according to an embodiment of the system described 
herein. 

FIG. 2 is a schematic diagram shoWing a local storage 
device coupled to a remote storage device via a data link 
according to an embodiment of the system described herein. 

FIG. 3 is schematic diagram shoWing an embodiment of a 
storage device that includes a plurality of directors according 
to the system described herein. 

FIG. 4 is a schematic illustration of a storage system 
including a director and multiple DAEs according to an 
embodiment of the system described herein. 

FIG. 5 is a schematic illustration shoWing an adapter of a 
director coupled to one or more DAEs according to an 
embodiment of the system described herein. 

FIG. 6 is a How diagram shoWing diplexing functionality 
With USB conversion for a signal received by an adapter from 
a storage processor, and/or other processor component, in 
connection With storage netWorking using disk enclosures, 
such as DAEs, according to an embodiment of the system 
described herein. 

FIG. 7 is a How diagram shoWing USB diplexing function 
ality for a signal transmitted from DAEs to an SP, or other 
processor, according to an embodiment of the system 
described herein. 

FIG. 8 is schematic illustration of an adapter for diplexing 
using USB according to another embodiment of the system 
described herein. 

FIG. 9 is a How diagram shoWing diplexing functionality 
via USB for a signal received from a storage processor, and/or 
other processor component, in connection With storage net 
Working using DAEs according to another embodiment of the 
system described herein. 

FIG. 10 is a How diagram shoWing diplexing functionality 
via USB for a signal transmitted from DAEs to an SP, or other 
processor, according to the system described herein. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

Referring noW to the ?gures of the draWings, the ?gures 
comprise a part of this speci?cation and illustrate exemplary 
embodiments of the described system. It is to be understood 
that in some instances various aspects of the system may be 
shoWn schematically or may be shoWn exaggerated or altered 
to facilitate an understanding of the system. 

FIG. 1 is a schematic illustration shoWing a storage device 
30 that includes a plurality of host adapters (HA) 32-34, a 
plurality of disk adapters (DA) 36-38 and a plurality of disk 
drives 42-44, e.g., FC disk drives Which may be included in 
disk array enclosures (DAEs) as further discussed elseWhere 
herein. The disk drives 42-44 may include any appropriate 
type of storage media, including, Without limitation, DRAM 
cache, ?ash or other solid-state storage device, tape, optical 
media, and/or any combination of permanent, semi-perma 
nent and temporally-limited storage media. Each of the disk 
drives 42-44 may be coupled to a corresponding one of the 
DA’ s 36-38.Although FIG. 1 shoWs a one-for-one correspon 
dence betWeen the DA’s 36-38 and the disk drives 42-44, it 
should be understood that it is possible to couple more than 
one disk drive to a DA and/ or to couple more than one DA to 
a disk drive. Each DA 36-38 may include memory, controllers 
and adapters, among other components, as further discussed 
elseWhere herein. Additionally, the storage device 30 may 
also includes a global memory 46 that may be accessed by the 
HA’s 32-34 and/or the DA’s 36-38. 
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In an embodiment of the system described herein, the 
storage device 30 may also include an RDF (Remote Data 
Facility) adapter (RA) 48 that may also access the global 
memory 46. The RA 48 may communicate With one or more 
additional remote storage devices and/or one or more other 
remote devices via a data link 22. The storage device may also 
include an external storage adaptor (EA) 49 that may be used 
to communicate With one or more other storage devices that 
could either be the same type of storage device as the storage 
device 30 or could be a different type of storage device. The 
HA’s 32-34, the DA’s 36-38, the global memory 46, the RA 
48 and the EA 49 may be coupled to a bus 24 that is provided 
to facilitate communication therebetWeen. In various 
embodiments, additional RNs and/or EA’s may be incorpo 
rated into the storage device 30. 

Each of the HA’s 32-34 of the storage device 30 may be 
coupled to one or more host computers 2011-200 that access 
the storage device 30. The host computer(s) (hosts) access 
data on the disk drives 42-44 through the HA’s 32-34 and the 
DA’s 36-38. The global memory 46 contains a cache memory 
that holds data read from and/ or to be Written to the disk drives 
42-44 as Well as storage for device tables and/or other meta 
data that may be accessed by the HA’s 32-34, the DA’s 36-38, 
the RA 48, and the EA 49. Note that, for the discussion herein, 
blocks of data may be described as being a track or tracks of 
data. HoWever, it Will be appreciated by one of ordinary skill 
in the art that the system described herein may Work With any 
appropriate incremental amount, or section, of data, includ 
ing possibly variable incremental amounts of data and/or 
?xed incremental amounts of data and/or logical representa 
tions of data, including (but not limited to) compressed data, 
encrypted data, or pointers into de-duplicated data dictionar 
1es. 

FIG. 2 is a schematic diagram shoWing a host 20 coupled to 
the storage device 30, as a local storage device, Which is 
coupled to a remote storage device 31 via the data link 22 
according to an embodiment of the system described herein. 
The remote storage device 31 may be the same type of storage 
device as the storage device 30 and/ or may be a different type 
of storage device. The local storage device 30 and the remote 
storage device 31 may use RDF for providing backup and/or 
mirrored copies of data, for example. 

FIG. 3 is schematic diagram shoWing an embodiment of 
the storage device 30 including a plurality of directors 5211 
520. Each of the directors 5211-520 may represent one or more 
ofthe HA’s 32-34, the DA’s 36-38, the RA 48 and/or the EA 
49. In an embodiment disclosed herein, there may be up to 
sixty-four directors coupled to the memory 46. Of course, for 
other embodiments, there may be a higher or loWer maximum 
number of directors that may be used. In an embodiment, the 
directors 5211-0 may be coupled to the memory 46. In other 
embodiments, each of the directors 5211-0 may include indi 
vidual memories that may be accessed/used by other ones of 
the directors 520-520. 

Also shoWn in FIG. 3 is an optional communication mod 
ule (CM) 54 that provides an alternative communication path 
betWeen the directors 5211-520. Each of the directors 5211-520 
may be coupled to the CM 54 so that any one of the directors 
5211-520 may send a message and/or data to any other one of 
the directors 5211-520 Without needing to go through the 
memory 46. The CM 54 may be implemented using MUX/ 
router technology Where a sending one of the directors 5211 
520 provides an appropriate address to cause a message and/ 
or data to be received by an intended receiving one of the 
directors 5211-520. Some or all of the functionality of the CM 
54 may be implemented using one or more of the directors 
5211-520 so that, for example, the directors 5211-520 may be 
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6 
interconnected directly With the interconnection functional 
ity being provided on each of the directors 5211-520. In addi 
tion, a sending one of the directors 5211-520 may be able to 
broadcast a message to all of the other directors 5211-520 at the 
same time. 

In some embodiments, one or more of the directors 5211 
520 may have multiple processor systems thereon and thus 
may be able to perform functions for multiple directors. In 
some embodiments, at least one of the directors 5211-520 
having multiple processor systems thereon may simulta 
neously perform the functions of at least tWo different types 
of directors (e.g., an HA and a DA). Furthermore, in some 
embodiments, at least one of the directors 5211-520 having 
multiple processor systems thereon may simultaneously per 
form the functions of different types of directors and perform 
other processing With the other processing system. Generally, 
the system described herein could Work With any appropriate 
hardWare con?guration, including con?gurations Where at 
least some of the memory 46 is distributed among at least 
some of the directors 5211-520 and in con?gurations Where a 
number of core processors are coupled to a generic interface 
card. 

In various embodiments, the system described herein may 
operate With storage systems produced by EMC Corporation 
of Hopkinton, Mass., including, for example, CLARHON® 
storage systems, such as the CX3 series, and/or the Symme 
trix storage device. Other appropriate storage systems may 
also be used including, Without limitation, other disk array 
storage systems. 

FIG. 4 is a schematic illustration of a storage system 100 
including a director 110 and multiple DAEs 130-132 accord 
ing to an embodiment of the system described herein. The 
director 110 may be like one or more of the directors 520-0, 
and including functionalities of one or more of the DAs 
36-38, a combination of one or more of the HAs 32-32 and 
DAs 36-38 and/or have other types of director functionalities 
as further described elseWhere herein. For example, the direc 
tor 110 may include a memory 112, one or more storage 
processors (SPs) 114 and one or more adapters 120-122 that 
may include one or more FC protocol cards, as further dis 
cussed elseWhere herein. As illustrated, one or more of the 
DAEs 130-132 may be coupled to the director 110 via one or 
more of the adapters 120-122, as further described elseWhere 
herein. In another embodiment, one or more of the adapters 
120-122, e.g., the adapter 122, may be an HA that communi 
cates With a host 20. Additionally, the director may include 
other components 116, such as one or more hubs and/or 
sWitches disposed betWeen the processors and the adapters, 
such as a USB hub. It should also be noted that although the 
adapters 120-122 are shoWn as part of the director 110, any or 
all of the adapters 120-122 may also be stand-alone devices 
coupled to the director 110. 

FIG. 5 is a schematic illustration shoWing the FC/DAE 
adapter 120 of the director 110 coupled to one or more DAEs 
130-132 according to an embodiment of the system described 
herein. Other of the adapters shoWn in the director 1 1 0 may be 
con?gured similarly as described herein With respect to the 
adapter 120. The adapter 120 may include an interface 140, a 
bridge device 150 and a receiver/transmitter, such as a UART 
160. The interface 140 may be a softWare and/or hardWare 
interface for communication With one or more storage pro 
cessors of the director 110 and/or other directors. For 
example, the interface 140 may include components of a 
midplane and/or a backplane. The interface 140 may receive 
a control signal 111!) from an SP board and/ or other processor 
component that contains storage disk management and con 
trol information. In some embodiments, the control signal 
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1111) may be a high frequency signal, such as a high fre 
quency USB signal. In other embodiments, the control signal 
111!) may be a loW frequency signal. The interface 140 trans 
mits a signal, e.g., a USB signal 141, to the bridge device 150, 
that may be a high frequency signal containing the DAB 
management information. In embodiments Where the control 
signal 111!) is a high frequency USB signal, the interface 140 
may be eliminated and the control signal 1111) sent directly to 
the bridge device 150. 

The bridge device 150 may include a USB to RS232 bridge 
device that converts USB signals to RS232 signals and vice 
versa. The bridge device 150 receives the USB signal 141 
from the interface and converts the USB signal 141 into an 
RS232-type signal 151 containing the DAB management 
information. The bridge device 150 may then send the con 
verted RS232-type signal 151 to the UART 160. The UART 
160 enables communication With one or more doWnstream 
DAE’s and outputs a control signal With DAE management 
information, eg RS232-type control signal 161. The UART 
160 may send the RS232-type control signal 161 to a diplexer 
170 that injects the RS232-type control signal 161 as a com 
mon mode signal onto an FC data signal 11111 from an SP 
board and/or other processor component, as described, for 
example, in US. Pat. No. 5,901,151 to BleiWeiss, et al., as 
further discussed elseWhere herein. The FC data signal 111a 
may be a high frequency differential signal, as further dis 
cussed elseWhere herein. The diplexer 170 outputs a diplexed 
data and control signal 171 to the one or more DAEs 130-132. 
The diplexer 170 is shoWn as separate from the adapter 120; 
hoWever, in other embodiments, the diplexer 170 may be 
incorporated into the adapter 120, for example, incorporated 
With the UART 160. 

The adapter 120 alloWs doWn-stream connections 180 to 
the DAEs 130-132 to remain unchanged, alloWing neW hard 
Ware to be compatible With existing DAE products Which, for 
example, may include FC interconnects. The DAE products 
may contain one or more ?lters, such as a loW pass ?lter, for 
extracting the loW frequency RS232-type control signal from 
the diplexed signal 171 and one or more ?lters, such as a high 
pass ?lter, for extracting the high frequency data signal from 
the diplexed signal 171. 

The diplexer 170 may also include one or more ?lters that 
process signals received from the DAEs, for example, to 
extract, from an FC signal sent from the DAEs 130-132, an 
signal. Alternatively, the UART 160 may contain an appro 
priate ?lter, such as a loW pass ?lter for extracting the RS232 
type control signal. Other appropriate types and positions of 
on-board ?lters may be used in conjunction With the system 
described herein. The RS232-type control signal from the 
DAEs 130-132 is extracted and sent from the UART 160 to 
the bridge device 150. At the bridge device 150, the RS232 
type control signal is converted into a USB signal and trans 
mitted to an SP and/or other processor component via the 
interface 140. 

In an embodiment, the bridge device 150 may include a 
Texas Instruments TUSB3410 component that provides 
bridging betWeen a USB port and an enhanced UART serial 
port. The bridge device 150 may contain necessary logic to 
communicate With the host computer using the USB bus. The 
bridge device may contain an 8052 microcontroller unit 
(MCU) With 16K bytes of RAM that can be loaded from the 
host or from external on-board memory, for example via an 
I2C bus. The bridge device may also contain 10K bytes of 
read only memory (ROM) that alloW the MCU to con?gure 
the USB port at boot time. The ROM code may also contain a 
boot loader. Device functions such as the USB command 
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8 
decoding, UART setup, and error reporting may be managed 
by internal MCU ?rmware under the control of one of the 
hosts 20a-20c. 

FIG. 6 is a How diagram 200 shoWing diplexing function 
ality using USB signal conversion for a signal received by an 
FC/DAE adapter from a storage processor, or other processor/ 
component, in connectionWith storage netWorking using disk 
enclosures, such as DAEs, according to an embodiment of the 
system described herein. At a step 202, an interface of the 
FC/DAE adapter outputs a USB signal. As further discussed 
elseWhere herein, the USB signal may contain a high speed 
signal With DAE management information. After the step 
202, processing proceeds to a step 204 Where the interface 
sends the USB signal to a bridge device, for example a USB 
to serial bridge device, as described elseWhere herein. After 
the step 204, processing proceeds to a step 206 Where the 
bridge device converts the USB signal into a loW frequency 
serial control signal, such as an RS232-type signal, contain 
ing the DAB management information. After the step 206, 
processing proceeds to a step 208 Where the bridge device 
sends the converted RS232-type signal to a receiver/transmit 
ter, such as a UART. After the step 208, processing proceeds 
to a step 210, Where the UART sends the RS232-type signal to 
a diplexer. After the step 210, processing proceeds to a step 
212 Where the diplexer injects the RS232-type signal into an 
FC differential data signal, ie injected as a common mode 
signal to both ends of the differential FC signal, as further 
discussed elseWhere herein. The resulting diplexed signal 
may contain a high frequency data signal and the loW fre 
quency signal With DAE management information. After the 
step 212, processing proceeds to a step 214 Where the 
diplexed signal is sent to one or more of the DAEs. After the 
step 214, processing is complete. 

FIG. 7 is a How diagram 250 shoWing diplexing function 
ality With USB signal conversion for a signal transmitted 
from one or more DAEs to an SP, or other processor compo 

nent, according to an embodiment of the system described 
herein. At a step 252, an signal is received from one or more 
DAEs at one or more on-board ?lters. The signal may be an 
FC signal containing a RS232-type signal from the DAEs 
With, for example, management and control information. The 
signal from the DAEs may be ?ltered by the one or more 
on-board ?lters, incorporated in a UART and/or otherWise 
provided as further discussed elseWhere herein, to extract the 
RS232-type signal from the FC signal. After the step 252, 
processing proceeds to a step 254 Where the extracted RS232 
type signal is sent, for example from the UART, to a bridge 
device. After the step 254, processing proceeds to a step 256 
Where the bridge device converts the RS232-type signal to a 
USB signal, as further discussed elseWhere herein. After the 
step 256, processing proceeds to a step 258 Where the bridge 
device sends the converted USB signal to the interface using 
USB signal transmission protocol. After the step 258, pro 
cessing proceeds to a step 260 Where the interface transmits 
the converted USB signal to a coupled processor, for 
example, using USB signal transmission protocol. After the 
step 260, processing is complete. 

FIG. 8 is schematic illustration of an adapter 300 for USB 
diplexing according to another embodiment of the system 
described herein. The adapter 300 may be one or more of the 
adapters 120-122 shoWn in connection With the director 110. 
The adapter 300 may include an SP interface 310 for com 
municating With one or more SPs, and a UART 320, or other 
type of receiver/transmitter, that sends and receives signals 
to/from the DAEs. The SP interface 310 may, for example, 
include a midplane that transmits and receives signals from 
the SPs (for example, attached on one side of the midplane) 
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and sends and receives the signals from the UART and other 
components described herein (for example, attached on the 
other side of the midplane). As further discussed elseWhere 
herein, the UART may send and receive loW frequency serial 
type signals, such as an RS232-type signal, to and from the 
DAEs containing, for example, DAE management and con 
trol information. 
A bridge device 350 may be coupled betWeen the SP inter 

face 310 and the UART 320, and multiplexer (mux) devices 
330a, 3301) as further discussed herein. A connection that 
supports USB communication may be upstream from the 
bridge device 350. The bridge device 350 may include a USB 
to RS232 converter that converts received USB signal/com 
mands to RS232 signal/instructions, or vice versa, as further 
discussed elseWhere herein. The bridge device 350 alloWs 
doWn-stream connections 322 betWeen the UART and the 
DAEs to remain unchanged When a USB signal is received, 
such as the USB differential pair signal 311a,b received from 
the SP interface 310, and alloWs compatibility With existing 
DAE products, Which may include FC interconnects. The 
UART 320 may transmit the RS232-type control signal to a 
diplexer that injects the RS232-type control signal into an FC 
data signal as a common mode signal, and the diplexed signal 
is sent from the diplexer to the one or more DAEs. The 
diplexed signal may be an FC differential signal that includes 
a high frequency data signal and the loW frequency RS232 
type control signal and may be transmitted to the DAEs 
through a connection that includes, for example, a ?lter to 
extract the RS232-type control signal from the FC differential 
data signal and/ or a differential receiver that ignores the 
injected common mode RS232-type signal as common mode 
noise, as further discussed elsewhere herein. 

In connection With a product coupled to the SP interface 
310 that outputs USB signals, for example USB differentials 
signals, USB+ 311a and USB- 311b, using one or more USB 
ports, the USB differentials signals 311a,b may be sent from 
the SP interface 310 to the bridge device 350. The USB 
differential signals may contain DAE management informa 
tion, and the bridge device 350 converts the received USB 
signal into an RS232-type signal containing the DAB man 
agement information. The bridge device 350 may communi 
cate With multiple multiplexer (mux) devices, for example a 
mux device 33011 that muxes input signals from the bridge 
device and/ or the SP interface 310 and selects a signal to 
output to the UART 320, and a mux device 3301) that demuxes 
a signal from the UART device 320 and selects the appropri 
ate output channel to the bridge device 350 and/or the SP 
interface 310. A mux enable signal (MUX_EN) 351 may be 
sent from the bridge device 350 to the mux device 330a and/or 
to the mux device 330b, for example, from a general purpose 
input/output (GPIO) port of the bridge device 350. For serial 
type signal transmission, other protocol signals may be sent, 
such as a request to send (RTS) signal (USB2SER_RTS) 352 
sent from the bridge device 350 from an RTS port to the mux 
device 33011. The bridge device 350 may then send, for 
example from an SOUT port, the loW frequency RS232-type 
signal (USB2SER_TX) 353 converted from the USB differ 
ential signals 31111,!) to the mux device 33011. 

In connection With a product coupled to the SP interface 
310 that outputs an RS232-type signal (RS232_RX) 313, the 
RS232-type signal 313 may be sent directly from the SP 
interface 310 to the mux device 33011. A protocol signal for 
serial transmission, such as an RTS signal (RS232_RTS) 312, 
may also be sent directly from the SP interface 310 to the mux 
device 33011. 

The mux device 330a muxes the input signals from the SP 
interface 310 and the bridge device 350, described elseWhere 
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herein, and outputs the appropriate RS232-type signal 
(RS232_RX) 332 to the UART 320. The mux device 330a 
may also send a protocol signal, such as a How control signal 
(FLW_CTRL) 331 to the UART 320. In other embodiments, 
it is possible to use other multiplexer devices With the system 
described herein in conjunction With multiple USB signal 
inputs and/ or multiple RS232-type signal inputs. For 
example, in an embodiment, a multiplexer device may be 
disposed betWeen the SP interface 310 and the bridge device 
350 that muxes multiple USB inputs from the SP interface 
310 and outputs a single USB signal to the bridge device 350. 
The mux device 3301) may receive, from the UART 320, an 

RS232-type signal (RS232_TX) 321 that has been ?ltered 
from a signal, such as an FC signal transmitted over one or 
more FC interconnects from one or more connected DAEs. 

The ?lters may be on-board ?lters, for example disposed 
betWeen the DAB and the UART and/ or incorporated as part 
of the UART. The mux device 3301) demuxes the input 
RS232-type signal 321 and selects an output channel to the SP 
interface 310, as an RS232-type signal (RS232 TX) 333, ifthe 
destination device may receive RS232-type signals and/or 
selects an output to the bridge device 350 as a signal 
(USB2SER_RX) 354 that may be converted into USB differ 
ential signals 311a,b transmitted to the SP interface 310. 

It should be noted that a product compatible With either or 
both COM port and USB connectivity may be used With the 
system described herein. As further discussed elseWhere 
herein, the USB to serial RS232 bridge device 350 alloWs an 
SP to communicate With the upstream RS232 port of the 
UART 320. The output from the COM/RS232 port on the SP 
interface 310 and the RS232 output on the USB to Serial 
bridge device 350 are muxed at the UART 320 input. The 
GPIO port on the USB to serial bridge device 350 may be used 
to control the mux devices 330a,b, such that either connection 
may be made under softWare control. 

FIG. 9 is a How diagram 400 shoWing diplexing function 
ality using USB signal conversion for a signal received from 
an SP and/ or other processor component, in connection With 
storage netWorking using DAEs according to another 
embodiment of the system described herein. At a step 402, an 
SP interface receives a control signal from one or more 
coupled SPs that may be a serial RS232-type signal and/or a 
USB signal that may include information for managing and 
controlling a storage disk, such as a DAE. After the step 402, 
processing proceeds to a test step 404 Where it is determined 
if the signal is a loW frequency serial-type signal such as an 
RS232-type signal. If so, then processing proceeds to a step 
406 Where the RS232-type signal and appropriate protocol 
information are sent to a mux device. If not, then processing 
proceeds to a step 408 Where the signal is sent to a bridge 
device. After the step 408, processing proceeds to a step 410 
Where the bridge device converts the signal to an RS232-type 
signal, for example the signal may be a USB differential 
signal that is converted to an RS232 signal and include RS232 
control instructions sent using USB protocol. 

After the step 410, processing proceeds to a step 412 Where 
the bridge device communicates With the mux device to trans 
mit the converted RS232-type control signal and appropriate 
protocol information to the mux device. After the step 406 or 
the step 412, processing proceeds to a step 414 Where the mux 
device muxes the input signals and outputs the appropriate 
RS232-type control signal to a UART, or other type of 
receiver/transmitter. After the step 414, processing proceeds 
to a step 416 Where the UART sends the RS232-type control 
signal to a diplexer. After the step 416, processing proceeds to 
a step 418 Where the RS232-type control signal may be 
injected as a common mode signal to both ends of an FC 
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differential signal to generate a diplexed signal including a 
high frequency data signal and the loW frequency RS232-type 
control signal. After the step 418, processing proceeds to a 
step 420 Where the diplexed signal is sent to one or more 
DAEs, Which may include one or more ?lters for extracting 
the high speed data signal and the control signal for control 
and management thereof from the diplexed signal, as further 
discussed elseWhere herein. After the step 420, processing is 
complete. 

FIG. 10 is a How diagram 450 shoWing diplexing function 
ality using USB signal conversion for a signal transmitted 
from DAEs to an SP, or other processor, according to the 
system described herein. At a step 452, a signal is received 
from the DAEs that may be transmitted as an FC signal using 
PC interconnects. After the step 452, processing proceeds to 
step 454 Where an RS232-type control signal is extracted 
from the FC signal as a common mode signal. The signal may 
be extracted using an on-board ?lter, such as a loW-pass ?lter, 
that may included in the FC/DAE adapter, for example in 
conjunction With a UART. After step 454, processing pro 
ceeds to a test step 456 Where it is determined if the extracted 
RS232-type signal is to be sent to the bridge device, for 
example, if the signal is to be sent via a USB connection. If 
not, then processing proceeds to a step 458 Where the mux 
device sends the received RS232-type signal directly to the 
SP interface. After the step 458, processing proceeds to a step 
460 Where the received signal at the SP interface may be 
transmitted as an RS232-type transmission to a destination 
processor or other device that is capable of receiving, for 
example, RS232 signals. After the step 458, processing is 
complete. 

If at the test step 456, it is determined that the received 
signal is to be sent to the bridge device, then processing 
proceeds to a step 462 Where the extracted RS232-type signal 
is sent by the mux device to the bridge device. After the step 
462, processing proceeds to a step 464 Where the RS232-type 
signal may be converted into a signal suitable for transmis 
sion by USB protocol to a destination processor, for example 
over USB differential signal lines. After the step 464, pro 
cessing proceeds to a step 466 Where the converted USB 
signal is sent to the SP interface via USB communication. 
After the step 466, processing proceeds to a step 468 Where 
the converted USB signal is transmitted to a coupled SP or 
other processor component. After the step 468, processing is 
complete. 

The processes described herein may be controlled by 
executable code stored on a computer-readable medium on 
one or more of the processors and other devices described 
herein that execute steps of the described processes. It should 
also be noted that although Fibre Channel is speci?cally 
discussed herein, other suitable high speed transmission 
media and technologies may be used in conjunction With the 
system described herein. For example, the system described 
herein may be used With Serial Attached SCSI (SAS) drives. 
Further, suitable protocols other than USB and RS232, as 
discussed herein, may also be used in conjunction the system 
described herein. 

Other embodiments of the invention Will be apparent to 
those skilled in the art from a consideration of the speci?ca 
tion or practice of the invention disclosed herein. It is 
intended that the speci?cation and examples be considered as 
exemplary only, With the true scope and spirit of the invention 
being indicated by the folloWing claims. 
What is claimed is: 
1. A device for transmitting storage data, comprising: 
a bridge device that receives a ?rst control signal including 

storage disk management information and processes the 
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control signal to yield a second control signal, different 
from the ?rst control signal, containing the storage disk 
management information; and 

a diplexer, coupled to the bridge device, that receives the 
second control signal from the bridge device and injects 
the second control signal into a data signal to generate a 
diplexed signal that is transmitted to at least one storage 
disk drive. 

2. The device according to claim 1, further comprising: 
a receiver/transmitter coupled to the bridge device that 

controls transmission of the second control signal from 
the bridge device via the diplexer to the at least one 
storage disk drive of a plurality of storage disk drives. 

3. The device according to claim 2, further comprising: 
a multiplexer device disposed betWeen the bridge device 

and the receiver/transmitter that receives the second 
control signal from the bridge device and that receives 
another signal of a similar type as the second control 
signal, Wherein the multiplexer device controls trans 
mission of at least one of the second control signal and 
the another signal to the receiver/transmitter. 

4. The device according to claim 2, Wherein the receiver/ 
transmitter is a universal asynchronous receiver/transmitter 

(UART). 
5. The device according to claim 1, further comprising: 
an interface coupled to the bridge device that receives the 

?rst control signal from a processor component and 
transmits the ?rst control signal to the bridge device. 

6. The device according to claim 1, Wherein the at least one 
storage disk drive is included in at least one disk array enclo 
sure (DAB). 

7. The device according to claim 1, Wherein the diplexed 
signal is transmitted to the at least one storage disk using 
Fibre Channel protocol. 

8. The device according to claim 1, Wherein the ?rst control 
signal is a USB signal. 

9. The device according to claim 1, Wherein the second 
control signal is an RS232-type signal. 

10. The device according to claim 1, further comprising: 
a ?lter that extracts the second control signal from the 

diplexed signal. 
11. A device for transmitting storage data, comprising: 
an interface that receives a signal that includes storage disk 
management information; 

a bridge device that receives the signal from the interface if 
the signal is of a ?rst type and processes the signal to 
yield a converted signal; 

a multiplexer device that receives the signal from the inter 
face if the signal is of a second type and receives the 
converted signal from the bridge device if the signal is of 
the ?rst type; and 

a diplexer that receives an output signal of the multiplexer 
device and diplexes the output signal of the multiplexer 
device by injecting the output signal into a data signal to 
generate a diplexed signal that is transmitted to a storage 
disk drive. 

12. The device according to claim 11, further comprising: 
a receiver/ transmitter that receives the output signal of the 

multiplexer device and controls transmission of the out 
put signal via the diplexer to the storage disk drive of a 
plurality of storage disk drives. 

13. The device according to claim 12, Wherein the receiver/ 
transmitter is a universal asynchronous receiver/transmitter 

(UART). 
14. The device according to claim 11, Wherein the storage 

disk drive is included in a disk array enclosure (DAE). 
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15. The device according to claim 11, Wherein the signal of 
the ?rst type is a USB signal and the signal of the second type 
and the converted signal are RS232-type signals. 

16. The device according to claim 11, Wherein the diplexed 
signal is sent as a Fibre Channel signal to the storage disk 
drive. 

17. The device according to claim 11, further comprising: 
a ?lter that extracts the converted signal from the diplexed 

signal. 
18. A system for transmitting storage data, comprising: 
a director including at least one processor that outputs a 

signal that includes storage disk management informa 
tion; 

at least one storage disk drive coupled to the director; 
at least one adapter coupled betWeen the director and the at 

least one storage disk drive, Wherein the at least one 
adapter includes: 
an interface that receives a signal that includes storage 

disk management information; 
a bridge device that receives the signal from the interface 

if the signal is of a ?rst type and processes the signal 
to yield a converted signal; 

a multiplexer device that receives the signal from the 
interface if the signal is of a second type and receives 
the converted signal from the bridge device if the 
signal is of the ?rst type; and 

a diplexer that receives an output signal of the multi 
plexer device and diplexes the output signal of the 
multiplexer device by injecting the output signal into 
a high frequency differential signal to generate a 
diplexed signal that is transmitted to the storage disk 
drive. 

19. The system according to claim 18, further comprising: 
a receiver/transmitter that receives the output signal of the 

multiplexer device and controls transmission of the out 
put signal via the diplexer to the storage disk drive of a 
plurality of storage disk drives. 

20. The system according to claim 18, Wherein the least one 
storage disk drive is included in at least one disk array enclo 

14 
sure (DAE), and Wherein the diplexed signal is sent as a Fibre 
Channel signal to the at least one storage disk drive. 

21. The system according to claim 18, Wherein the signal of 
the ?rst type is a USB signal and the signal of the second type 

5 and the converted signal are RS232-type signals. 
22. A method of transmitting storage data, comprising: 
receiving a USB signal from at least one processor at a 

bridge device that includes storage disk management 
information; 

converting the USB signal at the bridge device into an 
RS232-type signal, Wherein the RS232-type signal 
includes the storage disk management information; 

injecting the RS232-type signal into a high frequency dif 
ferential data signal to generate a diplexed signal; and 

transmitting the diplexed signal to at least one storage disk 
drive. 

23. The method according to claim 22, Wherein the at least 
one storage disk drive is included in at least one disk array 
enclosure and Wherein the diplexed signal is transmitted as a 

20 Fibre Channel signal. 
24. A computer program product, stored on a computer 

readable medium, that transmits storage data, comprising: 
executable code that receives a USB signal from at least 

one processor at a bridge device that includes storage 
disk management information; 

executable code that converts the USB signal at the bridge 
device into an RS232-type signal, Wherein the RS232 
type signal includes the storage disk management infor 
mation; 

executable code that injects the RS232-type signal into a 
high frequency differential data signal to generate a 
diplexed signal; and 

executable code that transmits the diplexed signal to at 
least one storage disk drive. 

25. The product according to claim 24, Wherein the at least 
one storage disk drive is included in at least one disk array 
enclosure and Wherein the diplexed signal is transmitted as a 
Fibre Channel signal. 
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